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A proposal on determination of the effective electro-weak mixing angle sin2θfeff (f = c,b) at a
super Z-factory (an e+e− collider designed with the possible highest luminosity and running around
the center mass energy
√
s = mZ) is proposed. It is to determine how the effective mixing angles
depend on the flavors, especially the flavors c, b (with the determined effective ones, the electro-weak
mixing angles sin2θfW (f = c,b) of Standard Model can be derived out precisely). The key point of
the proposal is that at such a super Z-factory, via measuring the forward-backward (AFB), left-
right (ALR) and combined left-right forward-backward (A
FB
LR ) asymmetries of the produced doubly
heavy-flavored hadrons (such as Bc, B
∗
c and the baryons HQQ′q: Ξcc, Ξbc and Ξbb etc) in the
relevant production processes e+e− → Bc + · · · and e+e− → HQQ′q + · · · one may complement the
final determination of the mixing angle sin2θfW (f = c,b) of Standard Model. The advantage of the
proposed way to determine the effective electro-weak mixing angles is that the doubly heavy flavor(s)
and the out-going direction of the produced doubly-heavy hadron can be experimental determined
precisely, i.e. there are no such errors caused by missing identification of the heavy flavor(s) and by
determining the so-called thrust axis of the produced jets, which can not be avoided in the early
determination at LEP-I and SLC.
PACS numbers: 13.85.Ni, 13.66.Bc, 12.15.Mm, 14.70.Hp
I. INTRODUCTION
The electro-weak mixing angle (sin θW ) is an essential
parameter in the Standard Model (SM). It describes the
mixing from the gauged boson states W 0 and B0 into
the physical states, the photon γ and the boson Z, which
couple to the electromagnetic currents and neutral weak
currents respectively, so according to the model, the mix-
ing angle also appears in the couplings of Z-boson to up-
and down-type leptons and quarks in a definite manner.
Thus to determine the values of the couplings and the
‘flavored electro-weak mixing angle’ (the mixing angle
appears in the coupling of the Z-boson and the flavored
fermion) experimentally, i.e. to see how it depends on
the coupled flavors, must be a test of the Standard Model
(SM). Namely if experimentally it is found that the mix-
ing angle deviates from that required by SM, it will mean
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that there may be something new beyond SM. In the pa-
per as a complement we seriously consider a possible way
to determine the mixing angles at an e+e− collider run-
ning at the Z resonance with very high luminosity (a
super Z factory) experimentally, which may offer the in-
formations about the dependence of the mixing angle,
especially, on the heavy flavors c and b.
For convenience, in the paper the ‘effective flavored
electro-weak mixing angle’ (appearing in the couplings of
Z-boson to the relevant f -flavored fermion and relating
to the experimental measurements directly) is denoted as
sin2θfeff = κf sin
2θW, where κf , being the possible electro-
weak (EW) correction, can be computed within the SM,
so the value of sin2θfW can be extracted from the mea-
sured sin2θfeff .
In SM, the mixing angle sin2θfW does not depend on
the flavor f i.e. is the same for various flavors. Hence
to determine the value of sin2θfeff experimentally so as to
extract the value of sin2θfW can be a serious test of SM.
The weak-boson Z couples to the up- and down-
type leptons and quarks are in definite manners, and
depend on the mixing angle and the fermion fla-
vor, therefore in the production e+e− → f f¯ at Z-
2boson resonance (a Z-factory) there are ‘asymmetries’
in distributions. Especially, a lot of experimental er-
rors and theoretical uncertainties for the asymmetries:
forward-backward (AfFB), left-right (A
f
LR) and com-
bined left-right forward-backward (Af,FBLR ), whose def-
inition will be given precisely, are canceled, thus at
LEP-I and SLC, the experimental collaborations via
measuring the forward-backward asymmetry AfFB in
the production e+e− → f f¯ at Z-boson resonance,
determine the effective mixing angle sin2θfeff [1–8], and
at SLC with polarized colliding beams via measur-
ing the left-right asymmetries AleptLR (lept = e) and the
combined left-right forward-backward Alept,FBLR (lept = e)
determines the effective mixing angle sin2θeeff [5–8].
The results obtained by the collaborations for the
effective mixing angle sin2θfeff are consistent with
SM[9]. To combine the measurements of the asymme-
tries at LEP-I and SLC, sin2θlepteff = 0.23153± 0.00016,
sin2θbeff = 0.281± 0.016 and sin2θceff = 0.2355± 0.0059
were obtained[10]. The values for sin2θlepteff extracted from
measuring AleptFB at LEP-I and those extracted from mea-
suring the left-right asymmetries AleptLR at SLC are dif-
ferent by 3.2 standard deviations, and the determined
value sin2θbeff = 0.281 ± 0.016 is larger than the value
sin2θbeff = 0.23293±0.000310.00025 determined from the other
experiments[10].
The determination at LEP-I and SLC needs to iden-
tify the flavors and to determine the so-called thrust axis
of the produced jets in the production e+e− → f f¯ at
Z-boson resonance, and the systematic errors owing to
the miss-identifying flavor, the efficiency on identifying
the flavors and determination of the the thrust axis for
the jet production e+e− → f f¯ at Z-boson resonance are
hard and cannot be improved further, especially, to deter-
mine the thrust axis of each jet is crucial for the determi-
nation of the forward-backward and combined left-right
forward-backward asymmetries, thus to avoid the experi-
mental errors we try to consider some way else for deter-
mining the electro-weak mixing angle sin2θfeff . Namely
we suggest to determine the mixing angle by measuring
the produced doubly heavy hadrons Bc or HQQ′q in the
processes e+e− → Bc + · · · and e+e− → HQQ′q + · · ·
(Q,Q′ = b, c; q − u, d, s) at Z-pole. It is because that
the flavor(s) and the out-going direction of the produced
doubly heavy hadrons can be well-determined.
The calculations on the production of e+e− → Bc+· · ·
and e+e− → HQQ′q + · · · at Z-pole in Ref.[11] show
the production cross-sections are not very small and the
differential cross-sections behave asymmetric. In addi-
tion, the experimental results in Ref.[12] indicates that
the production mechanism adopted in Ref.[11] works
well, thus in the paper we quantitatively investigate the
capability possibility via measuring the production of
e+e− → Bc + · · · and e+e− → HQQ′q + · · · at Z-boson
resonance to determine the mixing angle sin2θfeff . Since
that as shown by LEP-I[1–4] and SLC[5–8], the theo-
retical uncertainties for the asymmetries AfFB , A
f
LR and
Af,FBLR of the production e
+e− → f f¯ at Z-boson reso-
nance are cancelled greatly, so having the experiences of
LEP-I and SLC, in the paper we are seriously consider-
ing to determine the effective mixing angle sin2θfeff via
measuring the asymmetries AFB , ALR and A
FB
LR of the
produced doubly heavy flavor hadrons in the processes
e+e− → Bc + · · · and e+e− → HQQ′q + · · · . Finally one
will see that it can be a complement to the determination
by LEP-I[1–4] and SLC[5–8] which is via measuring the
asymmetries AfFB , A
f
LR and A
f,FB
LR of the jet production
e+e− → f + · · · at a Z-factory.
To be a complement in determination of the effective
mixing angle sin2θfeff , especially for f = c, b, in the paper
we suggest determining the electro-weak mixing angle via
measuring the asymmetries AFB , ALR and A
FB
LR of the
produced explicit doubly heavy flavor hadron, Bc me-
son or a double heavy baryon HQQ′q (Q = c, b;Q
′ =
c, b; q = u, d, s), in the process e+e− → Bc + · · · or
e+e− → HQQ′q + · · · at a Z-factory, instead of that
via measuring the asymmetries AQFB, A
Q
LR and A
Q,FB
LR
of the produced heavy flavor (Q) jet in the production
e+e− → Q + · · · as done by LEP-I and SLC. We also
pointed out to be the complement to those of LEP-I and
SLC, to suppress the statistic errors, the luminosity of
the Z-factory should be so high L ≃ 1035∼36cm−2s−1 (a
super Z-factory) as FCC-ee, CEPC and ILC etc which
are under consideration.
Note that recently one of the Ξ++cc as the first doubly
heavy baryon HQQ′q has been observed by LHCb[13]
1.
The news also motivates us to propose the proposal.
The paper is organised as follows: Following the
Introduction, in Section II, based on effective theory
NRQCD[17], the adopted formulas as those in Ref.[11] for
calculating the production of the various doubly heavy
hadron and the definition of the asymmetry quantities
which we are calculating are presented. In Section III,
we show that the uncertainties, such as that caused by
various values of the heavy quark masses taken, are sup-
pressed greatly for the asymmetries AFB , ALR and A
FB
LR
of the produced doubly heavy hadron, and to see how
sensitive the asymmetries AFB , ALR and A
FB
LR to the ef-
fective mixing angle sin2θfeff we calculate the asymmetries
by varying the value of the effective mixing angle sin2θfeff
numerically and present the results in figures and tables.
Section IV is reserved for discussions on the proposal and
conclusions.
1 The doubly heavy baryon Ξ+cc was reported to be observed by
SELEX collaboration several years ago[14–16], but the SELEX
observation was not confirmed later on.
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FIG. 1. One of the typical Feynman diagrams for the produc-
tion of Bc(B
∗
c ).
II. THE APPROACH TO THE PRODUCTION
In the SM, the fermion couplings to physical gauge
fields Aµ and Zµ are given by
Vψψ¯γ = e
∑
f
Qf ψ¯fγ
µψfAµ, (1)
Vψψ¯Z =
g
2cosθW
∑
f
Qf ψ¯fγ
µ(gfV − gfAγ5)ψfZµ, (2)
where e = g sinθW is the electric charge carried by
positron, and Qf is the charge of the fermion ψf in units
of e; gfV and g
f
A are the couplings for the vector and axial-
vector currents of fermions to the weak boson Z:
gfV = t3L(f)− 2Qfsin2θW , (3)
gfA = t3L(f), (4)
where t3L(f) is the weak isospin of the fermion f .
In order to take into account higher order EW cor-
rections, one may adopt the running QED coupling
α(s) and GF to the LO cross section, and replace the
tree-level couplings of Zff¯ couplings with the effective
couplings[22]
g¯fV =
√
ρf
(
t3L(f)− 2 Qf κf sin2θW
)
, (5)
g¯fA =
√
ρf t3L(f). (6)
The effective weak mixing angle is defined as[22]
sin2θfeff = κf sin
2θW . (7)
One of the typical Feynman diagrams for the produc-
tion of the Bc(B
∗
c ) meson is shown in Fig.1, and one
of the typical Feynman diagrams for the production of
the (QQ′q) baryon is shown in Fig.2. The way to cal-
culate the cross sections of the Bc meson production,
e+e− → (γ/Z)→ Bc(B∗c )+b+c¯, can be found in Ref.[11],
so we will not repeat it here; whereas the way to calculate
the doubly heavy baryon production should be illustrated
here. In the most references, such as those in Refs.[18–
20], the production is about the relevant double heavy
diquark as a core inside the doubly heavy baryon to be
Q
Q
′
e−
e+
Q
Q′
〈QQ′〉
(QQ′q)
FIG. 2. One of the typical Feynman diagrams for the produc-
tion of the doubly heavy baryon (QQ′q).
produced. In the reference[21], the further process from
the produced doubly heavy diquark to the doubly heavy
baryon is considered. Thus here the doubly heavy baryon
production will be calculated as that in reference[21].
The strategy in Ref.[21] to consider the production of
the doubly heavy baryon, e+e− → (γ/Z) → (QQ′q) +
Q¯+ Q¯′ + q¯, is to divide it into two steps: one is the pro-
duction of the core of the doubly heavy baryon (QQ′q),
the relevant diquark 〈QQ′〉3¯ in color anti-triplet 3¯2 and
with the other suitable quantum numbers, and the sec-
ond step is the fragmentation from the diquark 〈QQ′〉3¯
to the doubly heavy baryon (QQ′q), here Q, Q′ denote
heavy quarks, q denotes a light quark. As for the first
step, based on the factorization of NRQCD [17], the pro-
duction of the heavy diquark 〈QQ′〉 with suitable quan-
tum numbers, similar to the Bc production, is computed.
As for the second step, similar to the fragmentation of a
heavy quark Q¯ into a heavy meson (Q¯q), the fragmenta-
tion of the produced diquark 〈QQ′〉3¯ into a doubly heavy
baryon (QQ′q) through catching a light quark q from the
environment is computed.
Now let us illustrate the way to compute the produc-
tion of a doubly heavy baryon at a Z-factory precisely.
Based on NRQCD, the diquark production can be writ-
ten as the follows:
dσ
(
e+e− → (γ/Z)→ 〈QQ′〉3¯ + Q¯+ Q¯′
)
=
∑
n dσˆ
(
e+e− → (γ/Z)→ (QQ′)[n] + Q¯+ Q¯′)
· 〈O〈QQ′〉(n)〉, (8)
where the long-distance matrix element 〈O〈QQ′〉(n)〉 rep-
resents the transition probability from the two quark
state (QQ′)[n] into the diquark state 〈QQ′〉3¯. Note here
that since the wave function of the diquark state 〈QQ′〉3¯
should be totally antisymmetric under the exchange of
the two quarks, so particularly when Q′ = Q, a diquark
〈QQ〉3¯ at the ground state (in S-wave and anti-color-
triplet 3¯) must be in spin-triplet S = 1.
2 According to QCD, in short distance two quarks in color anti-
triplet will be attractive strongly, but in color sextet will be
repulsive strongly, so here only the case in color anti-triplet is
considered.
4As for the second step, for the fragmentation of
the heavy diquark 〈QQ′〉3¯ into a doubly heavy baryon
(QQ′q), the ‘inspired Peterson model’[23]3 is employed.
According to the model, the fragmentation function is
assumed as
DH〈QQ′〉3¯(z) =
NH〈QQ′〉3¯
z[1− 1/z − ǫH/(1− z)]2 , (9)
where the energy fraction z ≡ E(QQ′q)
E〈QQ′〉3¯
, H denotes the
doubly heavy baryon (QQ′q) and ǫH ≈ m2q/m2〈QQ′〉3¯ . The
normalization factor NHQQ′ is fixed through
∫ 1
0
DH〈QQ′〉3¯(z)dz = R
H
〈QQ′〉3¯
, (10)
where RH〈QQ′〉3¯ is the fragmentation probability for the di-
quark 〈QQ′〉3¯ fragments to doubly heavy baryon H . The
fragmentation probabilities for different doubly heavy
baryons with different light constituent quark may be
estimated by the Lund model[25], which gives R
(QQ′u)
〈QQ′〉3¯
:
R
(QQ′d)
〈QQ′〉3¯
: R
(QQ′s)
〈QQ′〉3¯
≈ 1 : 1 : 0.3. The heavy quark produc-
tion in the soft fragmentation is comparatively small so
it is ignorable, thus R
(QQ′u)
〈QQ′〉3¯
= R
(QQ′d)
〈QQ′〉3¯
= 43.478% and
R
(QQ′s)
〈QQ′〉3¯
= 13.044% are obtained. With these probabili-
ties, we can determine the values of NH〈QQ′〉3¯ . In the nu-
merical calculations, the light quark masses mu = md =
0.3 GeV and ms = 0.5 GeV are adopted. Now the pro-
duction of the doubly heavy baryons may compute out
via the convolution of the diquark differential cross sec-
tion with the fragmentation function:
dσ(H(z))
dz
=
∫ 1
z
dy
y
dσ(e+e− → 〈QQ′〉3¯(y) + Q¯+ Q¯′)
dy
·DH〈QQ′〉3¯(z/y) . (11)
Now being observables for present proposal, let us
define the asymmetries in production of doubly heavy
hadrons at a Z-factory. The forward-backward asymme-
try (AFB) is defined as
AFB =
σF − σB
σF + σB
, (12)
where σF (σB) is the cross section for the produced dou-
bly heavy-flavored hadron travels in the forward (back-
ward) with respect to the direction of the initial electron.
If the collision beams are polarized, there is left-right
asymmetry (ALR) which is defined as
ALR =
σL − σR
σL + σR
, (13)
3 The original model is for a heavy quark to fragment to a heavy
meson, whereas here we extend it for a doubly heavy diquark
fragmenting into a baryon inspired.
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FIG. 3. The production of the doubly heavy baryon (bcq) with
Input-1 and Input-2, the two possible inputs for the masses
of b-quark and c-quark.
where σL (σR) is the cross section for initial left- (right-
) handed electron. There is also a combined left-right
forward-backward asymmetry (AFBLR ) which is defined as
AFBLR =
σLF − σLB − σRF + σRB
σLF + σLB + σRF + σRB
. (14)
where L (R) denotes that the initial electron (positron)
is left- (right-) handed, and F (B) still denotes that the
produced doubly heavy-flavored hadron moves forward
(backward) in the direction of the initial electron.
III. NUMERICAL RESULTS
For numerical calculations, we adopt the following pa-
rameters,
m
Z
= 91.1876 GeV , GF = 1.16638× 10−5 GeV−2,
α = 1/129 ,Γ
Z
= 2.4952 GeV , (15)
where GF is the Fermi constant, α = α(mZ ) is the on-
shell electromagnetic coupling constant. Of the produc-
tion of Bc, the wave function at origin is adopted as
|RS(0)|2 = 1.642 GeV3.
(16)
The production of the doubly heavy-flavored baryons is
estimated by the two step approach as stated above, and
when doing numerical calculations the additional input
parameters (the wave functions of diquarks at origin) are
taken as follows:
|Ψ〈cc〉3¯(0)|2 = 0.039 GeV3 , |Ψ〈bc〉3¯(0)|2 = 0.065 GeV3 ,
|Ψ〈bb〉3¯(0)|2 = 0.152 GeV3 (17)
where the wave functions at origin for the doubly heavy-
flavored baryons are the same as in Ref.[19] and we adopt
the values of the strong coupling constant as the same as
that in Ref.[11], i.e., αs(2mc) = 0.237 and αs(2mb) =
0.175. Here the main uncertainty is caused by the taken
5masses of the heavy quarks, and we try to take the two
possible choices of the mass values as in Eq.(18) to see
it.
Input − 1 : mb ≃ 4.9 GeV,mc ≃ 1.5 GeV ,
Input − 2 : mb ≃ 5.1 GeV,mc ≃ 1.8 GeV . (18)
Firstly we calculate the differential cross-sections for the
production of the doubly heavy baryons Ξbc with the rea-
sonable masses as Input-1 or Input-2 (Eq.18), and the ob-
tained results are presented in Fig.3. From Fig.3 one may
see that the differences of the differential cross-sections
caused by the taken heavy quark masses are quite large,
so we think that one may determine the heavy quark
masses appearing in the mechanism of the production
by fitting the differential cross-section when the exper-
imental data are available in the future. If the differ-
ences of the differential cross-sections are considered as
the theoretical ‘uncertainty’ for the production caused
by the taken values of the heavy quark masses, so the so-
called ‘uncertainty’ is quite large for the differential cross-
sections of the production. Thus bearing the value of the
mixing angle sin2θeff which is considered as that of SM
and is about 0.232 determined by the exist experiments
in mind, we further calculate the asymmetries AFB , ALR
and AFBLR of the production with the masses Input-1 or
Input-2 (Eq.18) as input. In order to see the asymme-
tries AFB , ALR and A
FB
LR how sensitive to the relevant
flavored effective electro-weak mixing angles, we calcu-
late the asymmetries with ‘the flavored effective electro-
weak mixing angles’ taken the SM ‘common value’, ex-
cept one of the relevant flavored effective electro-weak
mixing angles which takes the SM ‘common’ value 0.232
but with an assumed error (±0.010), namely as the three
cases: i) sin2θlepteff = 0.232 ± 0.010, sin2θb,ceff = 0.232,
ii) sin2θbeff = 0.232 ± 0.010, sin2θlept,ceff = 0.232 and iii).
sin2θceff = 0.232 ± 0.010, sin2θlept,beff = 0.232. The ob-
tained results are collected in tables (Tabls.I,II,III), here
the errors of the asymmetries in the tables are due to the
input ‘error’ for the electro-weak mixing angles as that
in the three cases i),ii),iii). From the tables one may
see clearly that with Input-1 or with Input-2 as input,
the results of the asymmetries are very closed to each
other for the two inputs of the heavy quark masses, that
means the so-called theoretical ‘uncertainty’ of the asym-
metries caused by inputting various heavy quark masses
( Input-1 or Input-2) are cancelled greatly i.e. the asym-
metries predicted theoretically are not sensitive to the
heavy quark masses.
Hadrons AFB ALR A
FB
LR
Bc(Input-1) (−9.07+5.03−4.94)× 10−2 0.143+0.078−0.079 −0.634+0.000−0.000
Bc(Input-2) (−8.74+4.84−4.76)× 10−2 0.143+0.078−0.079 −0.611+0.000−0.000
B∗c (Input-1) (−9.44+5.23−5.14)× 10−2 0.143+0.078−0.079 −0.659+0.000−0.000
B∗c (Input-2) (−9.20+5.10−5.01)× 10−2 0.143+0.078−0.079 −0.643+0.000−0.000
(cc)[3S1]3¯(Input-1) (7.03
+3.83
−3.89)× 10−2 0.143+0.078−0.079 0.490+0.000−0.000
(cc)[3S1]3¯(Input-2) (7.00
+3.81
−3.87)× 10−2 0.143+0.078−0.079 0.488+0.000−0.000
(bc)[1S0]3¯(Input-1) (9.40
+5.11
−5.20)× 10−2 0.143+0.078−0.079 0.656+0.000−0.000
(bc)[1S0]3¯(Input-2) (9.21
+5.03
−5.12)× 10−2 0.143+0.078−0.079 0.643+0.000−0.000
(bc)[3S1]3¯(Input-1) (9.64
+5.25
−5.34)× 10−2 0.143+0.078−0.079 0.673+0.000−0.000
(bc)[3S1]3¯(Input-2) (9.52
+5.18
−5.27)× 10−2 0.143+0.078−0.079 0.664+0.000−0.000
(bb)[3S1]3¯(Input-1) (8.97
+4.88
−4.96)× 10−2 0.143+0.078−0.079 0.626+0.000−0.000
(bb)[3S1]3¯(Input-2) (8.91
+4.86
−4.93)× 10−2 0.143+0.078−0.079 0.622+0.000−0.000
TABLE I. The values of the asymmetries with sin2θfeff = 0.232 (f = b, c) and the range of sin
2θ
lept
eff = 0.232 ± 0.010, where
“Input-1” and “Input-2” denote the input values of the heavy quark masses as those in Eq.(18).
Note here that strong coupling αs and the wave func-
tions at origin fur the doubly-heavy hadrons/di-quarks,
as factors, appear in the formulas for the production, so
the values achieved by computation of the production
asymmetries are independent on the values of αs and the
wave functions at origin at all, thus the input values of
αs and the wave functions at origin do not affect the
computed asymmetries.
To see how great the cross-sections of the production,
we also to calculate the production cross-sections for
the production at an e+e− collider running at Z-boson
resonance (a Z-factory) with the heavy quark masses
as Input-1 and in addition for doubly-heavy baryons
the masses of ‘light quarks’ are taken as mu ≃ md ≃
0.3GeV,ms ≃ 0.5GeV. The obtained results are put in
the table TAB.IV. One may see from the table Tabl.IV
that the production cross-sections for the doubly heavy
hadrons can be in the magnitude order pb, i.e. they are
6Hadrons AFB ALR A
FB
LR
Bc(Input-1) (−9.07+0.05−0.07)× 10−2 0.143+0.000−0.000 −0.634+0.005−0.004
Bc(Input-2) (−8.74+0.07−0.07)× 10−2 0.143+0.000−0.000 −0.611+0.005−0.005
B∗c (Input-1) (−9.44+0.08−0.06)× 10−2 0.143+0.000−0.000 −0.659+0.005−0.005
B∗c (Input-2) (−9.20+0.07−0.07)× 10−2 0.143+0.000−0.000 −0.643+0.005−0.005
(bc)[1S0]3¯(Input-1) (9.40
+0.06
−0.07)× 10−2 0.143+0.000−0.000 0.656+0.004−0.005
(bc)[1S0]3¯(Input-2) (9.21
+0.08
−0.06)× 10−2 0.143+0.000−0.000 0.643+0.05−0.05
(bc)[3S1]3¯(Input-1) (9.64
+0.06
−0.07)× 10−2 0.143+0.000−0.000 0.673+0.004−0.005
(bc)[3S1]3¯(Input-2) (9.52
+0.06
−0.07)× 10−2 0.143+0.000−0.000 0.664+0.04−0.05
(bb)[3S1]3¯(Input-1) (8.97
+0.04
−0.05)× 10−2 0.143+0.000−0.000 0.626+0.003−0.004
(bb)[3S1]3¯(Input-2) (8.91
+0.05
−0.04)× 10−2 0.143+0.000−0.000 0.622+0.03−0.03
TABLE II. The values of the asymmetries with sin2θfeff = 0.232 (f = lept, c) and the range of electro-weal mixing angle
sin2θbeff = 0.232± 0.010, where “Input-1” and “Input-2” denote the input values of the heavy quark masses as those in Eq.(18).
Hadrons AFB ALR A
FB
LR
Bc(Input-1) (−9.07+0.01−0.02)× 10−2 0.143+0.000−0.000 −0.634+0.001−0.001
Bc(Input-2) (−8.74+0.02−0.02)× 10−2 0.143+0.000−0.000 −0.611+0.001−0.001
B∗c (Input-1) (−9.44+0.01−0.01)× 10−2 0.143+0.000−0.000 −0.659+0.001−0.001
B∗c (Input-2) (−9.20+0.01−0.01)× 10−2 0.143+0.000−0.000 −0.643+0.001−0.001
(cc)[3S1]3¯(Input-1) (7.03
+0.35
−0.37)× 10−2 0.143+0.000−0.000 0.490+0.025−0.026
(cc)[3S1]3¯(Input-2) (7.00
+0.35
−0.37)× 10−2 0.143+0.000−0.000 0.488+0.025−0.026
(bc)[1S0]3¯(Input-1) (9.40
+0.01
−0.01)× 10−2 0.143+0.000−0.000 0.656+0.001−0.001
(bc)[1S0]3¯(Input-2) (9.21
+0.02
−0.01)× 10−2 0.143+0.000−0.000 0.643+0.001−0.001
(bc)[3S1]3¯(Input-1) (9.641
+0.004
−0.005)× 10−2 0.143+0.000−0.000 0.6727+0.0003−0.0003
(bc)[3S1]3¯(Input-2) (9.520
+0.007
−0.008)× 10−2 0.143+0.000−0.000 0.6641+0.0005−0.0006
TABLE III. The values of the asymmetries with sin2θfeff = 0.232 (f = lept, b) and the range of sin
2θceff = 0.232 ± 0.010, where
“Input-1” and “Input-2” denote that the input values of the heavy quark masses as those in Eq.(18).
Hadrons σ(pb)(Input-1)
Bc 2.69
B∗c 3.76
Ξ+cc(Ξ
++
cc ) 0.395
Ω+cc 0.118
Ξ0bc(Ξ
+
bc)((bc)[
1S0]3¯) 0.432
Ωbc((bc)[
1S0]3¯) 0.129
Ξ0bc(Ξ
+
bc)((bc)[
3S1]3¯) 0.610
Ωbc((bc)[
3S1]3¯) 0.183
Ξ−bb(Ξ
0
bb) 2.34× 10−2
Ω−bb 0.70× 10−2
TABLE IV. The total cross-sections of the production of the
doubly heavy hadrons with the effective weak mixing angle
sin2θfeff = 0.232 (f = lept, c, b). “Input-1” here is that for the
quark masses are taken as mb = 4.9GeV and mc = 1.5GeV
and mu ≃ md ≃ 0.3GeV,ms ≃ 0.5GeV.
not very small, so at a super Z-factory the doubly-heavy
hadrons can be produced numerously and the measure-
ments of the asymmetries can reach to quite accurate
level in statistics error.
To see the sensitivity of the asymmetries AFB, ALR
and AFBLR of the various doubly-heavy hadron production
to the values of the effective specific-flavored mixing an-
gles sin2θfeff (f = lept, c, b)quantitatively, we also calcu-
late the asymmetries of the doubly heavy hadron produc-
tion vs one of the effective flavored mixing angles (with
the rest relevant ones being fixed by the common value
0.232), and present the results in Figs.4,5,6 accordingly.
Owing to the recent observation of Ξ++cc at LHCb, one
may like to know more about the production of the dou-
bly heavy baryons, such as the differential energy distri-
butions for the production of the doubly heavy baryons
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FIG. 4. (a) The forward-backward asymmetries of the production of the doubly heavy-flavored hadrons as functions of sin2θlepteff ,
whereas sin2θbeff and sin
2θceff are fixed as 0.232; (b) The forward-backward asymmetries of the production of the doubly heavy-
flavored hadrons as functions of sin2θbeff , whereas sin
2θ
lept
eff and sin
2θceff are fixed as 0.232. In order to put all results into one
figure, the results for Bc and B
∗
c are multiplied by a factor -1; (c) The forward-backward asymmetries of the production of
the doubly heavy-flavored hadrons as functions of sin2θceff , whereas sin
2θ
lept
eff and sin
2θbeff are fixed as 0.232. In order to put all
results into one figure, the results for Bc and B
∗
c are multiplied by a factor -1.
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FIG. 5. (a) The left-right asymmetries of the production of the doubly heavy-flavored hadrons as functions of sin2θlepteff , whereas
sin2θbeff and sin
2θceff are fixed as 0.232; (b) The lift-right asymmetries of the production of the doubly heavy-flavored hadrons as
functions of sin2θbeff , whereas sin
2θ
lept
eff and sin
2θceff are fixed as 0.232. In order to put all results into one figure, the results for
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of sin2θlepteff , whereas sin
2θbeff and sin
2θceff are fixed as 0.232; (b) The lift-right forward-backward asymmetries of the production
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2θceff are fixed as 0.232. In order to put all
results into one figure, the results for Bc and B
∗
c are multiplied by a factor -1; (c) The lift-right forward-backward asymmetries
of the production of the doubly heavy-flavored hadrons as functions of sin2θceff , whereas sin
2θ
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eff and sin
2θbeff are fixed as 0.232.
In order to put all results into one figure, the results for Bc and B
∗
c are multiplied by a factor -1.
with different light constituent quark at a Z-factory, so we
also calculate the energy distribution of the production
of doubly heavy baryons with different light constituent
quark. The results on the differential energy distribu-
tion dσ/dz for the doubly heavy baryons are presented
in Fig.7. As a reference, the distributions for 〈QQ′〉-
diquark are also presented in this figure, and one can see
that the distributions of the doubly heavy baryons are
8changed obviously in comparison with the distributions
of the corresponding diquark. The maximum point of
the distributions of the doubly heavy baryons (QQ′q) is
shifted to a smaller value of energy fraction in compar-
ison with that of the distributions of the corresponding
diquark 〈QQ′〉.
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FIG. 7. (a) The differential energy distribution for doubly charmed baryons (ccq) with different light constituent quark; (b)
The differential energy distribution for doubly charmed baryons (bcq) with different light constituent quark. (c) The differential
energy distribution for doubly charmed baryons (bbq) with different light constituent quark.
In addition, from the dependence on sin2θceff (sin
2θbeff)
shown in the figures and tables, at such a super Z-
factory via the forward-backward asymmetry and left-
right forward-backward asymmetry of Ξcc,Ωcc (Ξbb,Ωbb)
production is more ideal for measuring sin2θceff (sin
2θbeff)
than via asymmetries of the other hadron production. It
is because that the forward-backward symmetry and left-
right forward-backward asymmetry of Ξcc,Ωcc (Ξbb,Ωbb)
only depends on the two effective flavored mixing an-
gles sin2θlepteff and sin
2θceff (sin
2θbeff) whereas the effective
lepton-flavored mixing angles sin2θlepteff can be determined
very accurate via the asymmetries of the leptonic produc-
tion e+e− → ll¯ at the Z-factory.
IV. DISCUSSIONS AND CONCLUSION
Bearing the problem on test of SM relating to the
electro-weak mixing angles sin2θleptW , sin
2θcW and sin
2θbW
in mind, we have investigated the production of the dou-
bly heavy-flavored hadrons (Bc meson, Ξcc,Ξbc,Ξbb · · ·
baryons) at an e+e− collider running at Z-resonance, es-
pecially, focus the capability and possibility to measure
the effective mixing angles at an e+e− collider with very
high luminosity and running at Z-resonance (super Z-
factory). The relevant numerical results of the investiga-
tion are presented in tables and figures.
From the tables Tabls.I,II,III, the advantages via mea-
suring the asymmetries AFB, ALR, A
FB
LR of the produc-
tion of the various doubly-heavy hadrons at a Z-factory
so as to determine the effective heavy-flavored mixing
angle(s) can be realized well. Such as the advantages in-
clude that the important theoretical uncertainty caused
by the masses of the relevant heavy flavor (c and/or b) is
cancelled greatly and it is very sensitive to determining
sin2θceff and sin
2θbeff etc.
The results in Tabl.IV mean that the total cross-
sections of the doubly-heavy hadron production are not
very small, and as long as the luminosity of collider is
so high as L ≥ 1035cm−2s−1 (a super Z-factory such as
FCC−ee etc) the asymmetries may be measured quite
precisely.
Of the doubly heavy baryons, although only the one
Ξ++cc has been observed experimentally, we also calculate
the differential energy distribution for the production of
the doubly heavy baryons (QQ′q) with the heavy quark
Q = c or b, Q′ = c or b, q = u or d or s and put the results
in Fig.7, so one may see the characters of the production.
To see the sensitivity on the flavors by measuring the
asymmetries to determine the mixing angles, we have
computed the dependence of the asymmetries of the
doubly-heavy hadron production on the effective flavored
electro-weak angles sin2θlepteff and sin
2θQeff (Q=c or b) by
assuming one relevant flavored effective electro-weak an-
gle to have ’common value’ (0.232)4 with a artificial error
(0.010), but the rest relevant one to have the ’common
value’ exactly in turn, and the obtained results as curves
are presented in figures Figs.4,5,6.
In summary the curves in the figures (Figs.4,5,6) and
the values in the tables (Tabls.I,II,III) show clearly that
how sensitive the asymmetries AFB , ALR, A
FB
LR of the
doubly heavy hadron production at a super Z-factory
to the effective flavored mixing angles sin2θQeff (Q=c or
b) and sin2θlepteff . One may see that not only the ex-
perimental errors but also the theoretical uncertainties
may be canceled a lot if the asymmetries of the produc-
tion are adopted as observables. Moreover as the angles
4 The value is obtained in Ref.[10].
9sin2θlepteff can be determined via measuring the asymme-
tries of the production e+e− → l+l− (l = e, µ.τ) at the
Z-factory very well, that have been done at SLC[5–8], so
we propose to determine the effective electro-weak mix-
ing angles sin2θQeff (Q=c, b), that was not determined so
well via measuring the asymmetries of the jet production
e+e− → QQ¯ (Q = b, c) at the Z-factory, i.e. it would be
a complement to the way that via measuring the asym-
metries of the jet production at a Z-factory as done at
LEP-I and SLC[1–8]. Finally we would like to note here
that from Figs.4,5,6 and Tabls.I,II,III, via the asymmetry
AFBLR one can determine sin
2θQeff (Q=c or b) much accu-
rately, thus for the present purpose it would be better
that the Z-factory will offer polarized colliding beams.
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